Summary.-Blood lymphocytes from 47 patients with lung carcinoma have been tested for cytotoxicity against cells isolated from the autologous tumour. Significant cytotoxic potential was found in 15 cases. The effectors were also tested against allogeneic tumour targets from lung and other sites. Reactions were only rarely detected (2/32 positive against lung and 1/13 positive against non-lung cells). The restriction of cytotoxicity to the autologous combination was also apparent in in vitro-generated effectors. Blood lymphocytes were co-cultivated with autologous tumour and subsequently tested against autologous or allogeneic targets. Cytotoxicity was found in 13/17 lung tumours against autologous tumour, with no reactions recorded against allogeneic tumour targets, but one case positive against the K562 cell line. These data suggest either the expression of individually distinct antigens on human pulmonary neoplasms, or the requirement for histocompatibility between target and effector in cytotoxicity reactions in man, and therefore differ from previously described patterns of lymphocytotoxicity against human tumours.
THE definition of antigenic specificities on cells cuiltured from human malignancies by lymphocytotoxicity testing has been controversial since the description of natural killer activity (NK) in human blood leukocytes (Takasugi et al., 1973) . Thus although differences in cytotoxic potential may be apparent between leukocytes from lung cancer patients and healthy donors against lung-tumour-derived targets, cells cultured from different types of tumour, normal and foetal lung may also show susceptibility to lysis (Vose et al., 1975) and patterns of reactivity are difficult to interpret on the basis of disease specificity, as earlier reports suggested (Hellstr6m et al., 1971; Baldwin et al., 1973) . In a recent publication the detection of T-cell-mediated lymphocytotoxic responses against freshly isolated human tumour cells was described . The advantage of this methodology is that prolonged culture of the target cells which may increase susceptibility to NK effectors (De Vries et al., 1974) is not attempted and selection of cells adapted to survival in vitro and gain or loss of cell surface antigens does not arise after initial separation. Additionally, assays are performed in autologous combination. This latter factor may be of critical importance in the definition of tumour antigenicity, since in animal models (Zinkernagel and Doherty, 1974; Shearer et a,l., 1975) and more recently in humans (Coulmy et al., 1977; Dickmeiss et al., 1977) , the necessity of histocompatibility between effector and target cells for the detection of T-cell cytotoxicity has been stressed. It has also been reported that, with freshly isolated melanoma cells as targets in microcytotoxicity, assays reactions, although infrequent, were confined to the autologous tumour (Currie et al., 1971) .
In the present study, blood lymphocytes from lung cancer patients enriched for T-cells by passage through nylon wool columns have been tested for cytotoxicity against autologous and allogeneic tumour targets to investigate the patterns of reactivity in this most prevalent of human malignancies. The generation of effectors, in vitro, by co-cultivation of lymphocytes with autologous tumour cells has also been attempted.
MATERIALS AND METHODS
Lymphocytes.-Heparinized blood samples (30-50 ml) were taken preoperatively before medication. The blood was allowed to stand for 1 h at room temperature and the leucocyte-rich plasma separated on Ficoll-Isopaque gradients by centrifugation (800 g for 10 min) as described previously . Adherent cells were removed by incubation in 75 cm2 culture flasks (Falcon Plastics No. 3024) for 30 min at 37°C in RPMI containing 10% heat-inactivated normal human serum (NHS). Non-adherent leucocytes were separated further by passage through nylon wool columns (Julius et al., 1973) . Eluted cells consisted of 85-92% E rosette-forming cells with 1-4% cells forming EA rosettes. All procedures were performed with RPMI and 10% NHS.
Tumour cell suspensions.-Details of the separation of cell suspensions from tumour specimens has been described elsewhere . Tumour was minced in RPMI+ 10% NHS and forced through a 60-mesh stainless steel mesh. The resulting suspension was separated by stepwise application of enzyme treatment (0.1% trypsin: Sigma St Louis, Mo., U.S.A.) for 1 min at room temperature in the presence of DNAse to prevent clumping, density and velocity sedimentations on gradients of Ficoll-Isopaque or bovine serum, and short-term adherence in culture flasks to deplete macrophages. Separation was continued until contamination by red cells, macrophages and lymphocytes had been reduced to less than 5 %. Only cell preparations with a viability of greater than 85% were used as targets in 5lCr release assays.
Cell line.-K562, originally derived from a patient with chronic myeloid leukaemia in blast crisis (Lozzio and Lozzio, 1973) ,tCi Sodium 51Cr Chromate specific activity 100-350 ,uCi/,g (Radiochemical Centre, Amersham). Following incubation for 2 h at 37°C they were washed x 4 and resuspended in RPMI+10% NHS. Cells (104) were dispensed into tubes and lymphocytes added to give an effector: target ratio of 50: 1. In tests with cultured lymphocytes after in vitro generation the effector: target ratio was 20: 1. The fluid volume was adjusted to 0-6 ml with medium. Samples (0-2 ml) of the supernate were removed after 4 h incubation at 370C and the radioactivity in the supernate samples and remaining pellet counted in a gamma limited to 2 cases (cytotoxicity 33%, 33%) with one of these samples also positive against the autologous specimen. In 10 cases tested, reactivity was detectable against autologous but not against allogeneic lung tumour cells. In a further 13 cases, lymphocytes from lung cancer patients were tested against cells derived from tumours arising outside the lung (breast, colon and hypernephroma). One significant reaction was detected against a breast carcinoma (Table II) . In 9 tests in activity was found in 15 of these patients (cytotoxicity 20-74%). In 32 of these cases it was also possible to test reactivity against cells isolated from allogeneic lung tumours on the same day. An example of these tests is shown in Table I . Cytotoxicity was which lung tumour targets were exposed to lymphocytes from patients with cancer outside the lung, reactivity was found in one combination (osteosarcoma against squamous carcinoma). Lymphocytes from healthy donors did not show reactivity against lung tumour derived targets. The 15 positive cases were not confined to any particular histological type of pulmonary malignancy (Table III) , although in 5 cases of oat-cell carcinoma examined none showed significant reactivity.
In those cases in which pathology was available, reactivity was found in 2/15 patients with disease in the draining lymph nodes and 6/15 in whom no local spread was detected. No association between the degree of differentiation of the tumour and cytotoxicity was apparent. Twenty-nine lymphocyte samples were tested against the K562 cell line (Fig. 2) (Table IV) . No preparation in which cytotoxicity against autologous targets was induced by co-cultivation was cytotoxic for allogeneic cells (Table IV) . Specificity tests with a further 6 cases, of which 4 were of lung carcinoma, are shown in Table V . The effectors, all of which had been cultured with autologous tumour cells, were tested for cytotoxicity against different targets. Again cytotoxicity was restricted to the autologous combinations. Thus, following co-cultivation with autologous lung tumour, cytotoxicity was found against 13 samples of which specificity controls using allogeneic tumour targets were carried out and were negative in 8. A further 4 of these samples were tested against K562, one positive reaction being recorded.
DISCUSSION
Cytotoxicity in blood lymphocytes from patients with pulmonary neoplasia has been detected almost exclusively in this study against cells isolated from autologous lung tumours. Reactions against allogeneic tumour cells from lung, colon, breast and kidney were rare. These data would, therefore, support the existence of individually specific cell-surface antigens in lung malignancies. Alternatively, they are consistent with a restriction of cytotoxicity against cross-reacting antigens by a requirement for histocompatibility between effector and target cells. At present the two cannot be differentiated in this system.
The restricted autologous reactivity contrasts with previously described data showing that immunological responses in lung tumours were confined by tissue boundaries. Lymphocytes reacted most frequently with the targets cultured from lung tumours in cytotoxicity tests (Hellstrom et al., 1971; Baldwin et al., 1973; Vose et al., 1975; Pierce and De Vald, 1975) or with lung homogenates in leukocyte migration inhibition assays (Boddie et al., 1975; Vose et al., 1977a) . Reactions in skin testing with tumour homogenates also showed organ-related reactivity (Hollinshead et al., 1974) . The implication of these studies is that tumours from the lung share common antigenic specificities not present on neoplasms arising at other sites. Reactivity against apparently non-malignant lung tissue in migration inhibition assays (Vose et at., 1975 (Vose et at., , 1977a Boddie et al., 1975) , the involvement of NK reactions and effector functions of non-T lymphocytes (Vose and Moore, 1977) against cultured allogeneic targets in cytotoxicity tests, may to some extent obscure this interpretation. However, the apparent autologous reactivity could arise from histocompatibility restriction of cytotoxicity to a common lung-tumour-associated antigen. It can also be envisaged that both individually specific and cross-reacting antigenic markers are expressed in pulmonary neoplasia and are selectively revealed by reactions in the different assays of cellular immunity. Cytotoxicity in the present study did not relate to the histological type of lung tumour or to the presence of tumour in the tumour-draining lymph node. Assays of NK activity against the K562 cell line also failed to reveal an association with the stage of disease, although a fall in NK potential has been described in other tumour systems (Pross and Baines, 1976; Takasugi et al., 1977) . Lung carcinoma is often advanced by the time it presents, so failure to relate cytotoxic effects to stage of disease may be an indication of a general depression of immune function in this group (Eilber and Morton, 1970; Dalbow et al., 1977) . Such a functional depression is suggested by experiments showing that co-cultivation of blood lymphocytes with autologous tumour can lead to the generation of cytotoxic effectors which again show specificity for the autologous tumour. This generation is uniformly accompanied by blastogenesis responses in the mixed lymphocyte target cell interaction assay (Vose et al., 1978) and suggests a block of the development of killer cells from circulating pre-killer cells in the lung cancer patient.
The expansion of the cytotoxic potential of blood lymphocytes with the retention of selectivity provides a means by which the spectrum of antigenic activity in human pulmonary neoplasia can be more fully investigated. Such studies provide a necessary prerequisite to an understanding of neoantigen expression following malignant transformation in man. The difficulty of obtaining targets from normal lung areas must also be overcome before definitive statements of human tumour antigenicity can be made. 
